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a b s t r a c t
Cirolanid isopods are conspicuous members of the supralittoral and intertidal fringes of sandy beaches
around the world, being dominant in terms of number or biomass. Excirolana braziliensis is one of the
most abundant species on exposed sandy beaches, both urbanized and preserved, of Rio de Janeiro in
southeast Brazil. Considering the negative effects of urbanization and human pressure on sandy beaches,
this study aimed to analyze the population structure and reproductive aspects of E. braziliensis in different
stretches of Barra da Tijuca beach (Rio de Janeiro, Brazil), which differ with respect to urbanization and
occupation by bathers.Monthly samplings of E. braziliensiswere conducted throughout 12monthswithin
urbanized and preserved stretches, including measurements of beach parameters and human pressure.
The anthropogenic effect seems to be a relevant factor in explaining the variability in the population
structure of this species. Negative signiﬁcant correlations were found between the species density and
the number of visitors, who massively occupies the urbanized stretches. Similar life history strategies
were observed for different populations of E. braziliensis. Although high fecundity rates were reported
to all stretches, the probability of eggs/embryos survival under the adverse conditions provided by the
Barra da Tijuca beach is not clearly known. According to the results of this study, it could be inferred
that the human pressure over Barra da Tijuca beach affects the populations: (1) directly, through human
trampling and/or natural habitat jeopardizing; or (2) indirectly, by the isolation of individuals in the
preserved stretch, located between environments subjected to intense disturbance. In such case, the
species strategy to thrive in a protected area of restricted size, within a highly urbanized and occupied
area by bathers does not appear to be the best conservation measure for peracarid species, as in E.
braziliensis. Nevertheless, E. braziliensis turned out to be a good monitoring species of impacts due to
ironmits high resistance to env
. Introduction
The use of sandy beaches has exponentially increased in recent
ecades, and many beaches have undergone rapid degradation
aused by increasing pollution, nourishment, grooming, exploita-
ion, beach mining, recreation and driving of off-road vehicles
ORVs) (Defeo et al., 2009; Lucrezi et al., 2009; Schlacher and
orrison, 2008). These developments increasingly threaten the
cological integrity of beach systems, encompassing a wide range
f impacts that include the destruction of dune and beach habi-
ats by infrastructure development (Colombini andChelazzi, 2003),
estruction of birds and turtles nests (Hosier et al., 1981), and
rushing of invertebrates such as crabs, isopods and bivalves
Sheppard et al., 2009).
∗ Corresponding author. Tel.: +55 21 2629 2309; fax: +55 21 2629 2292.
E-mail addresses: amararatna@hotmail.com, anandaamararatna@gmail.com
G. Neves).
470-160X © 2010 Elsevier Ltd.
oi:10.1016/j.ecolind.2010.10.004
Open access under the Elsevier OA license.ental stress, persisting in highly urbanized areas dominated by bathers.
© 2010 Elsevier Ltd.
Changes in population parameters in response to human activ-
ities have been little investigated for sandy-beach organisms
(Lozoya and Defeo, 2006), except for commercially valuable ones
such as sand clams of the genera Donax, Mesodesma and Tivela
(McLachlan et al., 1996; Murray-Jones and Steffe, 2000). The
removal of individuals often causes changes in spatial distribu-
tion, which can be regarded as one of the ﬁrst signs of change in a
population (Defeo and de Alava, 1995). Furthermore, ﬁshing effort
concentrated on individuals of a particular body size may not only
affect the densities of some age brackets, but also change the size
at sexual maturity and consequently the fecundity (Defeo et al.,
1992). Trampling from intense recreational activities can also have
a similar or worse effect than ﬁshing, as observed by Defeo and de
Alava (1995) for the species Donax hanleyanus, which through acci-
Open access under the Elsevier OA license.dental damage, had many individuals with destroyed shells in an
environment where the ﬁshery target was Mesodesma mactroides,
another beach-clam species. The indiscriminate removal of organ-
isms of different sizes and in different reproductive stages was also
characterized by Kingsford et al. (1991) as extremely harmful to
al Indi
t
o
i
a
d
V
b
o
d
p
s
a
n
h
U
t
b
R
p
t
s
t
s
2
2
T
l
a
h
y
s
t
a
1
F
p
t
w
u
9
2
b
w
d
t
a
u
i
m
t
t
w
vV.G. Veloso et al. / Ecologic
he communities of rocky shores, although the precise inﬂuence
f this factor on the demography of these organisms has not been
nvestigated.
Cirolanid isopods are conspicuous members of the supralittoral
nd intertidal fringes of sandy beaches around the world, being
ominant in terms of numbers or biomass (Defeo et al., 1992;
eloso andCardoso, 2001;Wendt andMcLachlan, 1985). Excirolana
raziliensis Richardson, 1912 is one of the most abundant species
n exposed sandy beaches, both urbanized and preserved, of Rio
e Janeiro in southeast Brazil (Veloso et al., 2006). E. braziliensis is
resent even when sandhoppers (e.g. Atlantorchestoidea brasilien-
is), considered as good bioindicators of human activities, are
bsent (Nardi et al., 2003; Veloso et al., 2008). Considering the
egative effects of urbanization and human pressure on sand-
opper populations (Barca-Bravo et al., 2008; Fanini et al., 2005;
golini et al., 2008), this study aimed to compare the popula-
ion structure and reproductive aspects of the isopod species, E.
raziliensis in different stretches of Barra da Tijuca Beach (city of
io de Janeiro), which differ with respect to urbanization and occu-
ation by bathers. The hypothesis tested in this study was that
he population structure and reproductive aspects of E. brazilien-
is, such as fecundity and sexual maturity, are different between
he population patches distributed along urbanized and preserved
tretches of the beach.
. Methods
.1. Study area
For comparative purposes, we selected 3 stretches of Barra da
ijuca (23 00′10′ ′S; 43 12′27′ ′W), an exposed sandy beach of 17km
ong, situated at Rio de Janeiro city, southeastern Brazil. Alvorada
nd Recreio are characterized by a high degree of urbanization and
uman occupation, with large numbers of visitors throughout the
ear (Veloso et al., 2008). The 1.6 km lengths of the two urbanized
tretches are aided with kiosks, parking lots, and lifeguard facili-
ies. In contrast, Reserva has no facilities; it is a marine protected
rea (MPA) (Marapendi’s MPA – Municipal Decree No. 10308 –
5/08/91) 3km long, situatedbetween the twourbanized stretches.
ewer visitors (Veloso et al., 2008) visit this beach stretch, which is
rimarily accessed by walking.
Although all three stretches have a concrete wall shoreward of
he backshore (as does the entire beach), Reserva is more pristine,
ith a continuous row of vegetated sand foredunes 14m wide. The
rban stretches contain sparser vegetation, in a strip no more than
m wide.
.2. Physical characterization
Physical variables were measured monthly (12 months) in each
each stretch, on the sampling occasions.
To evaluate sediment characteristics, a 3.5 cm-diameter core
as taken to a depth of 10 cm. A total of nine samples were ran-
omly selected from three pre-set transverse levels, representing
he water table outcrop, drift line and swash level. Immediately
fter collection, the samples were placed in thermal containers,
ntil laboratory analysis. Granulometric analysis was done accord-
ng to Suguio (1973), and sediment organic-matter content was
easured according to Gross (1971). The granulometric parame-ers obtained were analyzed according to Folk and Ward (1957).
The beach slope was measured from the water table outcrop to
he swash level by the height difference, after Emery (1961). Beach
idth (m) was measured as the distance between the base of the
egetation strip and the lower swash level.cators 11 (2011) 782–788 783
As a measure of human pressure, the number of visitors was
counted in patches (100m×50m) for each hour during the day of
sampling. Data were collected for a 9h period.
2.3. Sampling and laboratory procedures
Samples of E. braziliensis were collected during 12 consecu-
tive months, from August 2003 through July 2004. A 100m total
length was covered in each stretch, with 10 transects established
from the water table outcrop to the swash level. Each transect was
divided into 11 transverse levels of equal size, where a total of
10 samples (per level) were taken, comprising 110 samples per
stretch. A stratiﬁed-random sampling design was applied, with
the sampling units chosen randomly, with the aid of a pre-set
grid.
Individual sampleswere takenwith a0.04m2 quadrat to adepth
of 20 cm. The organisms retained after sieving through a 0.7mm
mesh were frozen, and in the laboratory were counted, sexed and
measured.
Each individual was sexed by means of inspection with a stere-
omicroscope, according toDexter (1977). The individualswere then
measured from the beginning tip of the cephalon to the end of the
telson, with the results grouped into 1mm size classes.
To estimate fecundity, ovigerous females were measured and
the eggs (per embryo, incubated in the internal brood pouches of
females) were removed and counted.
2.4. Data analysis
Because our main goal was to detect differences among
urban and preserved stretches only, disregarding time periods, a
repeated-measures ANOVA (Underwood, 1999) was used to test
for differences in physical and biological variables. Comparisons
among beach stretches using mean grain size (mm), mean slope
(m/m), beachwidth (m), percentage of organicmatter, and number
of visitors (ind./100m×50m) were performed. Comparisons using
E. braziliensis densities (i.e. total, juvenile, male, female, ovigerous
female, eggs/embryos) and individual sizes (total and in each
category) were also investigated. The post hoc Tukey’s test was
applied when signiﬁcant differences were found (Zar, 1996). When
necessary, data series was log (x+1)/arc-sine (x) transformed
in order to fulﬁll the requirements of the parametric test (Zar,
1996). A chi-square test (2) (Vieira, 2004) was applied to test the
proportion of males to females.
Forward stepwise multiple regression analysis was used to
access the effect of measured physical variables on E. braziliensis
densities. This analysis was undertaken using F values of 0 and 1
chosen a priori for variable entry and removal, respectively, until
the best model was obtained. Partial correlations and redundancy
of independent variables were also investigated. For this analy-
sis, only physical variables which showed signiﬁcant differences
among stretches were considered.
The length (mm)–fecundity (eggs/embryosper female) relation-
ship (L–F) was estimated by the linear function: F= a+bL, where
a and b are parameters. An analysis of covariance (ANCOVA) was
used to compare the L–F relationship among beach stretches, using
length as the covariate.
Estimates of the proportion of ovigerous females as a func-
tion of size were used to model a logistic maturity function and
to estimate the average size at maturity, as follows (Restrepo
and Watson, 1991) (Eq.): BL = ˇ/1 + e(˛1−˛2L) where BL is the pro-
portion of females bearing eggs in each size class L and ˛1, ˛2
and ˇ are parameters. The non-linear ﬁtting procedure included
a penalty function in the minimization algorithm by which ˇ was
constrained to values ≤1. The average size at sexual maturity (L50%)
was obtained by L50% =−˛1/˛2, where ˛1 and ˛2 were deﬁned in
784 V.G. Veloso et al. / Ecological Indicators 11 (2011) 782–788
Table 1
Pair-wise comparison of stretches and environmental variables (mean values).
Environmental variables F4,28 Alv–Res Alv–Rec Res–Rec
Grain size (mm) 32.59*** 0.0001 0.0001 0.0001
Slope (m/m) 14.34ns ns ns ns
Organic matter (%) 16.43ns ns ns ns
Beach width (m) 4.05ns ns ns ns
Visitors (No. ind. 100m×50m) 75.32*** 0.0001 0.0006 0.0001
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E. braziliensis mean total length varied signiﬁcantly among
beach stretches (F4,3894 =20.54, P<0.0001), with the smallest
lengths observed in the preserved stretch (Fig. 3). E. braziliensis
mean length did not signiﬁcantly differ between urban stretches
(Tuckey test, P>0.05). No signiﬁcant differences (among beach
T
Clv, Alvorada; Res, Reserva; Rec, Recreio.
s, nonsigniﬁcant.
he global F ratios and post hoc pairwise P levels are shown:
*** P<0.001
he equation. The three isopod maturity functions were compared
y analysis of the residual sum of squares (ARSS, Chen et al., 1992).
. Results
.1. Beach environment
The mean grain size and the number of visitors differed sig-
iﬁcantly among beach stretches, where individual differences
ere found among all of them (Tuckey test, P<0.0001) (Table 1).
ean grain size (mm) (mean± s.e.) signiﬁcantly decreased from
ecreio (0.51±0.0) to Alvorada (0.32±0.06), with both differing
igniﬁcantly from Reserva (0.43±0.0). Although urban stretches
howed the highest number of visitors (ind./50m×100m) (Alvo-
ada: 166.27±12.76, Recreio: 58.08±6.15), in contrast to the
reserved one (Reserva: 6.92±1.63), all beach stretches differed
igniﬁcantly among them (Tuckey test, P<0.0001). Slope, beach
idth andorganicmatter content didnot differ signiﬁcantly among
each stretches (Table 1).
.2. Excirolana braziliensis
E. braziliensis densities differed signiﬁcantly among beach
tretches (Fig. 1; Table 2). Total densities and the density of
uveniles, males and females were signiﬁcantly lower in the
rban stretches (Alvorada and Recreio) than in the preserved one
Reserva) (Tuckey test; Table 2). The density of ovigerous females
nd eggs/embryos showed a different pattern: Alvorada exhibited
able 2
air-wise comparison of stretches and E. braziliensis densities.
E. braziliensis F4,652 Alv–Res Alv–Rec Res–Rec
Juvenile 6.89** 0.0000 0.9895 0.0000
Male 4.54** 0.0019 0.8418 0.0002
Female 5.20*** 0.0023 0.5579 0.0000
Ov. female 2.86* 0.1537 0.2734 0.0020
Egg/embryos 3.18* 0.1932 0.1580 0.0011
Total 6.33*** 0.0001 0.8725 0.0000
lv, Alvorada; Res, Reserva; Rec, Recreio.
s, nonsigniﬁcant.
he global F ratios and post hoc pairwise P levels are shown:
* P<0.05.
** P<0.01.
*** P<0.001.
able 3
haracterization of E. braziliensis by length of its developmental stages in the three stretc
Alvorada Reserva
N Min Mean± s.e. Max N Min
Juvenile 108 1.95 2.73 ± 0.04 3.55 556 1.91
Male 143 3.42 5.70 ± 0.10 8.82 372 3.60
Female 180 3.25 5.69 ± 0.12 8.83 378 3.51
Ov. female 39 6.85 7.70 ± 0.07 8.94 70 6.19Fig. 1. E. braziliensis densities for the three beach stretches.
intermediate values between Reserva and Recreio stretches (Fig. 1;
Table 2).
The multiple regression analysis explained up to 11% (R2 =0.11,
P=0.0096) of the variability in E. braziliensis total densities, num-
ber of visitors being the most important predictor (ˇ =−0.35,
P=0.0029). The best bivariate relationship between number of
visitors and total density was a linear model that showed that E.
braziliensis density signiﬁcantly decreased with number of visitors
(r=−0.29) (Fig. 2). No signiﬁcant relationship between E. brazilien-
sis and the mean grain size was observed.Fig. 2. Relationship between number of visitors in patches (50m×100m) and E.
braziliensis mean densities (No. ind./0.04m2).
hes.
Recreio
Mean± s.e. Max N Min Mean± s.e. Max
2.74 ± 0.01 3.55 50 1.79 2.84 ± 0.05 3.43
5.86 ± 0.06 8.50 82 3.42 6.02 ± 0.13 8.41
5.66 ± 0.07 8.57 82 3.29 5.90 ± 0.16 8.25
7.59 ± 0.07 9.22 12 6.26 7.77 ± 0.15 8.60
V.G. Veloso et al. / Ecological Indi
Fig. 3. Means and standard errors of E. braziliensis length (mm) for the three beach
stretches.
Table 4
ANCOVA results for parameters of fecundity in the three beach stretches.
Parameter Alvorada, mean (s.e.) Reserva, mean (s.e.) Recreio, mean (s.e.)
n 69 118 36
a 12.70 (4.95)** 21.83 (1.51)*** 12.74 (5.86)*
b −3.44 (0.64)*** −4.68 (0.61)*** −3.45 (0.78)***
R2 0.30*** 0.33*** 0.36***
ANCOVA: homogeneity of slopes: F(2,217) =1.05; P=0.35. Main effect: F(2,219) =0.21;
P=0.80.
ns, nonsigniﬁcant.
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** P<0.01
*** P<0.001.
tretches) were recorded in the length of juveniles (F4,1420 =2.23,
> 0.05), males (F4,1186 =3.76, P >0.05), females (F4,1030 =3.53,
> 0.05), and ovigerous females (F4,234 =3.77, P >0.05) separately
Table 3).
The L–F relationship, which was always signiﬁcant within the
hree stretches (0.30<R2 <0.36, P<0.0001), did not differ among
hem (ANCOVA: F2,219 =0.21, P=0.80) (Table 4; Fig. 4a). The
aturity–size relationship did not differ between beach stretches
Table 5). The average size at maturity (L50%) was 7.19mm in Alvo-
ada, 7.00mm inReserva and 6.9mm inRecreio (Table 5). The three
tretches showed a successive increase in the proportion of gravid
emaleswith size, reaching100% in theoldest size classes.However,
lvorada presented an abrupt transition tomaturity between7mm
32%) and 8.5mm (100%) (Fig. 4b). The ratio of males to females
id not differ signiﬁcantly from 1:1 (2 test, P>0.05) in any beach
tretch.
able 5
arameters of the maturity function and average size at maturity (L50%) for the three
each stretches. Results of the comparison of logistic functions through analysis of
he residual sum of squares (ARSS) are also shown.
Parameter Alvorada, mean (s.e.) Reserva, mean (s.e.) Recreio, mean (s.e.)
ˇ 0.99 (0.01)*** 1.00 (0.02)*** 0.99 (0.03)***
˛1 29.49 (1.75)** 20.95 (1.51)*** 20.06 (2.12)**
˛2 4.10 (0.25)** 2.99 (0.21)*** 2.89 (0.31)**
L50% 7.19 7.00 6.99
R2 0.91** 0.89*** 0 94***
RSS: F(2,15) =0.02.
s, nonsigniﬁcant.
** P<0.01.
*** P<0.001.cators 11 (2011) 782–788 785
4. Discussion
According to the differences among sediment grain sizes
observed in each stretch of Barra da Tijuca beach, and those pre-
dicted by the Swash Exclusion Hypothesis (SEH) (McLachlan et al.,
1993, 1995), we could expect higher densities of E. braziliensis to be
registered for the stretch with the smallest grain size (Alvorada),
what, in fact, did not happen. However, higher species densities
(total, juvenile, male and female) were reported under intermedi-
ary physical conditions, in the preserved stretch. The disagreement
between what was observed and predicted by the theory was
also acknowledged for the body size distribution of E. braziliensis.
According to the Habitat Harshness Hypothesis (HHH) (Defeo et al.,
2003), largest species, higher fecundity and recruitment rates were
supposed to occur in harsher sedimentary conditions (Cardoso and
Veloso, 1996; Defeo and Gomez, 2005; Defeo and Martinez, 2003),
that is, in coarser sediments of the Recreio and Reserva stretches.
Nevertheless, larger average body sizes were observed both in
coarser and ﬁner sediments of Barra da Tijuca urban stretches.
Comparing the distribution of E. braziliensis in environments with
distinct morphodynamics, Caetano et al. (2006) found out oppos-
ing results to ours, being in accordance with SEH and HHH. On
the other hand, regarding the great increase in human pressure on
the beaches (Defeo et al., 2009) and disturbance by the high den-
sity of visitors on the macrofauna (Veloso et al., 2006; Weslawski
et al., 2000), it is relevant to highlight that in Caetano et al. (2006),
the highest densities and smallest E. braziliensis sizes occurred at
an marine preserved area (Restinga da Marambaia beach), totally
restricted to public visitation.
A thorough evaluation of how anthropogenic effects act on the
populations of Excirolana (i.e. Excirolana armata) was carried out by
Lozoya and Defeo (2006), comparing distinct stretches at the same
beach in the coast of Uruguay. In this work, the physical similarity
between habitats in relation to sediment granulometry provided
solidbase for comparison, oncepossibledifferencesbetweendeter-
mining factors to the establishment of beach macrofauna were
eliminated (Brown and McLachlan, 1990; McArdle and McLachlan,
1991; McLachlan, 1996). On the other hand, the great variability of
population responses to granulometry (Brazeiro, 2001) shows that
not always a single factor is solely responsible for the structuring of
populations but a group of physical and/or biological factors (Defeo
et al., 1997; McLachlan and Dorvlo, 2005; McLachlan and Hesp,
1984). In Barra da Tijuca, despite the differences between sediment
grain sizesamong thestretches, the remainingphysical characteris-
tics that denote habitat morphodynamics and nutrient input, such
as slope, beach width and organic content, were similar. What is
more, the anthropogenic effect turned out to be a relevant factor
in explaining the variability in population structure of this species
among the beach stretches once negative signiﬁcant correlations
were found. For Schlacher et al. (2008), the physical characteristics
also does not appear to be determining the structural differences
observed in communities subjected to the impact of ORVs trafﬁc in
beaches of the coast of Australia. Furthermore, controversial situa-
tions caused by habitat-dependence effects could be discredited in
this study due to the similarities of the stretches in Barra da Tijuca
beach, mainly concerning beach width.
Once the difference between the populations of urbanized and
preserved stretches could be assessed by species abundance, on the
other hand the similarities among the stretches were obtained via
female fecundity and maturity rates. Somehow it denotes environ-
mental homogeneity, considering that fecundity and maturity are
frequently affected by physical (i.e. temperature, humidity, season,
photoperiod, food availability, salinity and geographical location)
and biological factors (i.e. predation and competition) (Van Senus,
1988; Williams, 1985). However, comparing the life history of the
populations of E. braziliensis of Barra da Tijuca with the ones from
786 V.G. Veloso et al. / Ecological Indicators 11 (2011) 782–788
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fFig. 4. (a) Length–fecundity (L–F) relationships; and (b) maturit
estinga da Marambaia and Grumari beaches (Table 6), it was
bserved extremely lower population densities. Density by m2 of
he stretch in Recreio beach is 60 times lower than that of the
estinga da Marambaia. The females from Barra da Tijuca beach
btained high indexes of individual fecundity even with smaller
rood chambers (proportional to smaller body sizes), and unifor-
ity in sexual ratio (males/females). ForCardosoandVeloso (2001),
ighperacarid amphipod fecunditieswere related to increasedpro-
ection potential and embryo storage that females with large body
ize, and consequently large brood chamber, possess.What ismore,
hese authors highlight that the majority of the female popula-
ion tends to increase the reproductive potential of populations
Cardoso and Veloso, 2001). Still, comparisons among stretches
rom Barra da Tijuca beach showed that the highest density of
ggs/embryos occurred at smaller mean body sizes, in the pre-
erved stretch. Authors like Clarke (1987) and Lozoya and Defeo
2006) claimed that peracarid populations under any disturbance
ffect shift most of their energy to reproduction instead of somatic
rowth. However, despite high fecundity rates, survival expecta-
ions of these eggs/embryos under adverse conditions provided
y Barra da Tijuca beach are still unknown. The non-evaluation
able 6
omparison of E. braziliensispopulationparameters amongBarra da Tijuca stretches, Grum
actors (mean) of the beaches.
Alvorada Reserva
Grain size (mm) 0.32 0.43
Mean slope (m/m) 11.27 12.56
Beach width (m) 43.25 43.21
L50% 7.19 7.00
Mean individual fecundity 13.79 13.32
Maximun density (ind./m2) 307 438
Largest (mm) males 8.82 8.50
Largest (mm) femalesa 8.94 9.22
a Ovigerous and non-ovigerous.tions for the three beach stretches (vertical lines indicates L50%).
of growth parameters, mortality and renewal rates in this study
enabled the comprehension of this issue.
The distribution of female sizes at sexual maturity, with 100%
maturity attained in older age classes was considered to be a char-
acteristic of stable communities (sensu Trippel and Harvey, 1991).
Stable communities probably have similar growth rates and food
availability levels (Margem et al., 2003). Late maturity observed
in Alvorada stretch resulted in larger females at sexual maturity,
what could be an indication of a mechanism leading to the gen-
eration of numerous high quality offsprings (Stearns and Koella,
1986). The late sexualmaturity of Excirolana species (E. armata)was
also described by Lozoya andDefeo (2006) for a population directly
subjected to disturbance of a freshwater channel discharge.
The populations of E. braziliensis of every stretch of Barra da
Tijuca beach seem to be governed by the high level of stress,
mainly signaled by the reproductive parameters. Regarding the
current results, it could be inferred that the human pressure
in Barra da Tijuca beach can be affecting the populations: (1)
directly, through human trampling and/or natural habitat jeopar-
dizing, consequences of the great ﬂux of visitors and urbanization;
or (2) indirectly, by the isolation of individuals in the preserved
ari andRestinga daMarambaia (Marambaia), taking into account the environmental
Recreio Grumari Marambaia
0.51 0.56 0.23
11.54 10.78 23.88
34.28 51.48 75.5
6.99 7.11 6.85
13.00 11.13 11.99
275 1264.25 17,195.83
8.41 10.0 9.0
8.60 10.0 10.0
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tretch, located between environments subjected to intense dis-
urbance. In spite of the considerable resistance of E. braziliensis
o impact (Bilyard, 1987), which inhabits the stretches of high
rbanization and bathers occupation, the survival period of these
opulations is unknown. The absence of E. braziliensis has already
een documented by Veloso et al. (2006) for other urbanized
eaches of Rio de Janeiro (i.e. Copacabana, Ipanema, São Conrado),
hose occupational processes occurred 30 years before the ﬁrst
hanges in Barra da Tijuca beach (Gonc¸alves, 1999). The absence
f talitrid amphipods (i.e. Atlantorchestoidea brasiliensis), which are
xtremely sensitive to human pressure, was also reported in the
revious beaches, being currently encountered in the preserved
tretch of Barra da Tijuca beach and others less impacted by man
Veloso et al., 2006, 2008). Drastic alterations in cirolanid isopods
opulations when subjected to ORVs trafﬁc were pointed out by
chlacher et al. (2008). These authors observed mean abundances
f Pseudolana concinna 448 times higher on beaches without the
ransit of vehicles than in impacted areas.
The strategy of thriving in a preserved area of restricted size
3km long), within high urbanization and visitor occupation, does
ot seem to be the best conservation strategy for E. braziliensis.
s MPAs of different sizes can vary in their effectiveness (Mora
t al., 2006), small MPAs may be more susceptible to disturbances,
nd populations may be less likely to persist (Roberts et al., 2003).
urthermore, the recovery of peracarid populations (i.e. low dis-
ersion, direct development) (Wildish, 1988) could be much more
ifﬁcult on account of their semi-isolated character (metapopula-
ions), where the colonization of immigrants, which occurs in very
ow frequencies, may not prevent local extinctions (Ketmaier et al.,
003).
The lack of planning, inventories, intensive monitoring, envi-
onmental education and management of protected areas has
aximized the problems and hampered efforts for conservation
f species and preservation of the environment. In some coun-
ries, stimulating the use of already-urbanized central beaches, so
s to reduce the pressure on preserved environments (Breton et al.,
996; Morgan, 1999; van Herwerden and Grifﬁths, 1991), is one
f several management strategies. This type of action seems to be
ore suitable for biological conservation, because it avoids habitat
ragmentation and does not hinder the ﬂow of immigrants, there-
ore does not compromise gene ﬂow (Ketmaier et al., 2003). In any
ase, the presence of an MPA within an essentially urbanized beach
uch as Barra da Tijuca is an established fact. What is more, even
ith the uncertainties about the maintenance of local biodiversity
ver time, measures for conservation and environmental preser-
ation along with large-scale studies must be carried out in order
o understand the environmental functions and consequently to
mplement management plans.
. Conclusions
The results presented herein support the idea that the life
istory of species is an excellent tool to evaluate the degree of
opulation changes and deterioration of natural environments. E.
raziliensis revealed tobeagoodspecies formonitoring impactsdue
o its greater resistance to environmental stress, thriving in highly
rbanized areas dominated by bathers, where talitrid amphipods,
lso known as good disturbance indicators, are already absent.
igh fecundity rates, especially for small-sized females, signals
he maintenance effort of the population in the area. Neverthe-
ess, human pressure upon E. braziliensis is crescent, mainly in
he preserved area, where access to bathers is also allowed. Many
ncertainties arise in relation to population control of E. brazilien-
is along time, especially concerning the effectiveness of the MPA
n Barra da Tijuca beach. In this way, the establishment of MPAscators 11 (2011) 782–788 787
ought to be well planned so that the preservation of species and its
natural environment becomes really effective.
Acknowledgments
We would like to thank the Brazilian funding agencies Cnpq and
Capes for sponsoring this project, Doctors CA Borzone, JRB Souza,
CM Neto, EF Albuquerque for a careful reading of this manuscript,
Doctor Omar Defeo for helpful critics and Doctors Janet Reid and
Carla Lima Torres Mendes for the English edition.
References
Barca-Bravo, S., Servia, M.J., Cobo, F., Gonzalez, M.A., 2008. The effect of human use
of sandy beaches on the development stability of Talitrus saltator (Montagu,
1808) (Crustacea, Amphipoda). A study on ﬂuctuating assimetry. Mar. Ecol. 29
(1), 91–98.
Bilyard, G.R., 1987. The value of benthic infauna in marine pollution monitoring
studies. Mar. Pollut. Bull. 18 (11), 581–585.
Brazeiro, A., 2001. Relationship between species richness and morphodynamics in
sandy beaches: which are the underlying factors? Mar. Ecol. Prog. Ser. 224,
35–44.
Breton, F., Clapés, J.,Marquès, A., Priestley,G.K., 1996. The recreational useof beaches
and consequences for the development of new trends in management: the case
of beaches of the metropolitan region of Barcelona (Catalonia, Spain). Ocean
Coast. Manag. 32 (3), 153–180.
Brown, A.C., McLachlan, A., 1990. Ecology of Sandy Shores. Elsevier, Amsterdam.
Caetano, C.H.S., Cardoso, R.S., Veloso, V.G., Silva, E.S., 2006. Population biology and
secondary production of Excirolana braziliensis (Isopoda: Cirolanidae) in two
sandy beaches of southeastern Brazil. J. Coastal Res. 22 (4), 825–835.
Cardoso, R.S., Veloso, V.G., 1996. Population biology and secondary production of the
sandhopper Pseudorchestoidea brasiliensis (Amphipoda: Talitridae) at Prainha
beach, Brazil. Mar. Ecol. Prog. Ser. 142, 111–119.
Cardoso, R.S., Veloso, V.G., 2001. Embrionic development and reproductive strat-
egy of Pseudorchestoidea brasiliensis (Amphipoda: Talitridae) at Prainha beach,
Brazil. J. Nat. Hist. 142, 111–119.
Chen, Y., Jackson, D.A., Harvey, H.H., 1992. A comparison of von Bertalanffy and
polynomial functions in odelling ﬁsh growth data. Can. J. Fish Aquat. Sci. 49,
1228–1235.
Clarke, A., 1987. Temperature, latitude and reproductive effort. Mar. Ecol. Prog. Ser.
38, 89–99.
Colombini, I., Chelazzi, L., 2003. Inﬂuence of marine allochthonous input of sandy
beach communities. Oceanogr. Mar. Biol. Annu. Rev. 41, 115–159.
Defeo, O., Brazeiro, A., de Alava, A., Riestra, G., 1997. Is sandy beach macrofauna
only phisycally controlled? Role of substrate and competition in isopods. Estuar.
Coast. Shelf S 45, 453–462.
Defeo, O., de Alava, A., 1995. Effects of human activities on long-term trends in
sandy beach populations: the wedge clam Donax hanleyanus in Uruguai. Mar.
Ecol. Prog. Ser. 123, 73–82.
Defeo, O., Gomez, J., 2005. Morphodynamics and habitat safety in sandy beaches:
life-history adaptations in supralittoral amphipod. Mar. Ecol. Prog. Ser. 293,
143–153.
Defeo, O., Lercari, D., Gomez, J., 2003. The role of morphodynamics in structuring
sandy beach populations and communities: what should be expected? J. Coastal
Res. (SI) 35, 352–362.
Defeo, O., Martinez, G., 2003. The habitat harsness hypothesis revisited: life history
of the isopod Excirolana brasiliensis in sandy beaches with contrasting morpho-
dynamics. J. Mar. Biol. Assoc. U.K. 83 (2), 331–340.
Defeo, O., Ortiz, E., Castilla, J.C., 1992. Growth, mortality and recruitment of the yel-
low clam Mesodesma mactroides in Uruguaian beaches. Mar. Biol. 114, 429–437.
Defeo, O., McLachlan, A., Schoeman, D.S., Schlacher, T.A., Dugan, J., Jones, A., Lastra,
M., Scapini, F., 2009. Threats to sandy beach ecosystems: a review. Estuar. Coast.
Shelf S 8, 1–11.
Dexter, D.M., 1977. Natural history of the Pan-American sand beach isopod
Excirolana braziliensis (Crustacea: Malacostraca). J. Zool. 183, 103–109.
Emery, K.O., 1961. A simple method of measuring beaches proﬁles. Limnol.
Oceanogr. 6, 90–93.
Fanini, L., Cantarino, C.M., Scapini, F., 2005. Relationship between the dynamics of
two Talitrus saltator populations and the impacts of activities linked to tourism.
Oceanology 47 (1), 93–112.
Folk, R.L., Ward, W.C., 1957. Brazos river bay: a study in the signiﬁcance of grain size
parameters. J. Sediment. Petrol. 4, 101–121.
Gonc¸alves, A.L.,1999. Barra da Tijuca, o lugar. Thex, Rio de Janeiro.
Gross, M.E., 1971. Carbon determination. In: Carvier, R.E. (Ed.), Producers in Sedi-
mentary Petrology. Wiley-Interscience, New York, pp. 573–596.
Hosier, P.E., Kochlar, M., Thayer, V., 1981. Off-road vehicle and pedestrian track
effects on the sea-approach of hatchling Loggerhead Turtles. Environ. Conserv.
8, 158–161.
Ketmaier, K., Scapini, F., De Matthaeis, E., 2003. Exploratory analysis of talitrid pop-
ulation genetics as an indicator of the quality of sandy beaches. Estuar. Coast.
Shelf S 58S, 159–167.
7 al Indi
K
L
L
M
M
M
M
M
M
M
M
M
M
M
N
R
R
S
Wildish, D.J., 1988. Ecology and natural history of aquatic Talitroidea. Can. J. Zool.88 V.G. Veloso et al. / Ecologic
ingsford, M.J., Underwood, A.J., Kennelly, S.J., 1991. Humans as predators on rocky
reefs in New South Wales, Australia. Mar. Ecol. Prog. Ser. 72, 1–14.
ozoya, J.P., Defeo, O., 2006. Effects of a freshwater canal discharge on an ovo-
viviparous isopod inhabiting an exposed sandy beach. Mar. Freshwater Res. 57,
421–428.
ucrezi, S., Schlacher, T.A., Robinson, W., 2009. Human disturbance as a cause of bias
in ecological indicators for sandy beaches: experimental evidence for the effects
of human trampling on ghost crabs (Ocypode spp.). Ecol. Ind. 9, 913–921.
argem, H., Albuquerque, E., Dalto, A., Machado, M.C., 2003. Microphytobenthic
and phytoplanctonic biomass of the surf zone of two exposed sandy beaches. J.
Coastal Res. (SI) 35, 402–407.
cArdle, S.B., McLachlan, A., 1991. Sand beach ecology: swash factors relevant to
the macrofauna. J. Coastal Res. 8, 398–407.
cLachlan, A., 1996. Physical factors in benthic ecology: effects of changing sand
particle size on beach fauna. Mar. Ecol. Prog. Ser. 131, 205–211.
cLachlan, A., Dorvlo, A., 2005. Global patterns in sandy beach macrofauna com-
munities. J. Coastal Res. 21, 674–687.
cLachlan, A., Dugan, J.E., Defeo, O., Ansell, A.D., Hubbard, D.M., Jaramillo, E., Pen-
chaszadeh, P.E., 1996. Beach clam ﬁsheries. Oceanogr. Mar. Biol. Annu. Rev. 34,
163–232.
cLachlan, A., Hesp, P., 1984. Faunal response to morphology and water circulation
of a sandy beach with cusps. Mar. Ecol. Prog. Ser. 19, 133–144.
cLachlan, A., Jaramillo, E., Defeo, O., Dugan, J., de Ruyck, A., Coetzee, P., 1995. Adap-
tation of bivalves to different beach types. J. Exp. Mar. Biol. Ecol. 187, 147–160.
cLachlan, A., Jaramillo, E., Donn, T.E., Wessels, F., 1993. Sand beach macrofauna
communities: a geographical comparison. J. Coastal Res. 15, 27–38.
ora, C.S., Andrefouet, S., Costello, M.J., Kranenburg, C., Rollo, A., Veron, J., Gaston,
K.J., Myers, R.A., 2006. Coral reefs and the global network of marine protected
areas. Science 312, 1750–1751.
organ, R., 1999. Preferences and priorities of recreational beach users in Wales,
UK. J. Coastal Res. 15 (3), 653–667.
urray-Jones, S., Steffe, A.S., 2000. A comparison between the commercial and
recreational ﬁsheries of the surf clam, Donax deltoides. Fish. Res. 44, 219–233.
ardi, M., Morgan, E., Scapini, F., 2003. Seasonal variation in the free-running period
in two Talitrus saltator populations from Italian beaches differing in morphody-
namics and human disturbance. Estuar. Coast. Shelf S 58S, 199–206.
estrepo, V.R., Watson, R.A., 1991. An approach to modeling crustacean egg-bearing
fractions as a function of size and season. Can. J. Fish. Aquat. Sci. 48, 1431–1436.
oberts, C.M., Andelman, S., Branch, G., Bustamante, R.H., Castilla, J.C., Dugan, J.,
Halpern, B.S., Lafferty, K.D., Leslie, H., Lubchenco, J., McArdle, D., Possingham,
H.P., Ruckelshaus, M., Warner, R.R., 2003. Ecological criteria for evaluating can-
didate sites for marine reserves. Ecol. Appl. 13 (Suppl.), 199–214.
chlacher, T.A., Morrison, J., 2008. Beach disturbance caused by off-road vehicles
(ORVs) on sandy shores: relationship with trafﬁc volumes and a new method to
quantify impacts using image-based data acquisition and analysis. Mar. Pollut.
Bull. 56, 1646–2164.cators 11 (2011) 782–788
Schlacher, T.A., Richardson, D., McLean, I., 2008. Impacts of off-road vehicles (ORVs)
on macrobenthic assemblages on sandy beaches. Environ. Manag. 41, 878–892.
Sheppard, N., Pitt, K.A., Schlacher, T.A., 2009. Sub-lethal effects of off-road vehi-
cles (ORVs) on surf clams on sandy beaches. J. Exp. Mar. Biol. Ecol. 380, 113–
118.
Stearns, S.C., Koella, J.C., 1986. The evolution of phenotypic plasticity in life history
traits: predictions of reaction norms for age and size at maturity. Evolution 40,
893–913.
Suguio, K., 1973. Introduc¸ão à sedimentologia. Edgard Blucher, São Paulo.
Trippel, E.A., Harvey, H.H., 1991. Comparison of methods used to estimate age and
lengthofﬁshes at sexualmaturityusingpopulationsofwhite sucker (Catostomus
commersoni). Can. J. Fish. Aquat. Sci. 48, 1446–1459.
Ugolini, A., Ungherese, G., Somigli, S., Galanti, G., Baroni, D., Borghini, F., Cipriani,
N., Nebbiai, M., Passaponti, M., Focardi, S., 2008. The amphipod Talitrus saltator
as a bioindicator of human trampling on sandy beaches. Mar. Environ. Res. 65,
349–357.
Underwood, A.J., 1999. Experiments in Ecology: Their Local Design and Inter-
pretation Using Analysis of Variance, second ed. Cambridge University Press,
Australia.
vanHerwerden, L., Grifﬁths, C.L., 1991. Human recreational activity along theNorth-
western shores of False bay. T. Roy. Soc. S. Afr. 47 (4, 5), 736–748.
Van Senus, P., 1988. Reproduction of the sandhopper Talorchestia cappensis (Dana)
(Amphipoda, Talitridae). Crustaceana 55, 93–103.
Veloso, V.G., Cardoso, R.S., 2001. Effect ofmorphodynamic on the spatial and tempo-
ral variation of macrofauna on three sandy beaches, Rio de Janeiro State, Brazil.
J. Mar. Biol. 81, 369–375.
Veloso, V.G., Silva, E.S., Caetano, C.H.S., Cardoso, R.S., 2006. Comparison between the
macroinfauna of urbanized and protected beaches in Rio de Janeiro state, Brazil.
Biol. Conserv. 127, 510–515.
Veloso, V.G., Neves, G., Lozano, M., Perez-Hurtado, A., Gago, C.G., Hortas, F.,
Garcia Garcia, F., 2008. Responses of talitrid amphipods to a gradient of
recreational pressure cause by beach urbanization. Mar. Ecol. 29 (1), 126–
133.
Vieira, S., 2004. Bioestatística: TópicosAvanc¸ados, seconded. Elsevier, Rio de Janeiro.
Wendt, G., McLachlan, A., 1985. Zonation and biomass of the intertidal macrofauna
along a South African sandy beach. Cah. Biol. Mar. 26, 1–14.
Weslawski, J.M., Stanek, A., Siewert, A., Beer, N., 2000. The sandhopper Talitrus salta-
tor (Montagu 1808) on the Polish Baltic Coast. Is a victim of increased tourism?
Oceanol. Stu. 29 (1), 77–87.66, 2340–2357.
Williams, J.A., 1985. The role of photoperiod in the initiation of breeding and brood
development in the amphipod Talitrus saltator Montagu. J. Exp. Mar. Biol. Ecol.
86, 59–62.
Zar, J.H., 1996. Biostatistical Analysis, third ed. Prentice-Hall, New Jersey.
